OPTICAL PICKUP, AND METHOD AND APPARATUS FOR 
CORRECTING ABERRATION OF OPTICAL BEAM 

BACKGROUND OF THE INVENTION 
5 (The field of the invention) 

The present invention relates to a method and apparatus for 
correcting an aberration caused in an optical beam focused onto an object to 
be detected and an optical pickup used by the correcting apparatus. 
(Description of the Related Art) 
10 In general, an optical pickup is employed by an information 

recording medium. In this field of the optical pickup, a density of recording 
or reproducing pieces of information becomes larger with a decrease in the 
diameter of a spot of an optical beam radiated from an optical pickup and 
focused on an information recording medium. The diameter of an optical 
15 spot becomes smaller as a light wavelength is made shorter and a numerical 
aperture (NA) of an objective lens is made larger. 

Thus, to raise a memory capacity of the optical recording medium 
requires that a semiconductor laser (LD) which emits an optical beam of a 
shorter wavelength be installed as a light source in an optical pickup and an 
20 objective lens of higher numerical aperture (NA) be employed. In the field of 
a high-density optical disk system, peoples' attention has been drawn to a 
standard, in which a blue-violet semiconductor laser of which emission 
wavelength is 405 nm is used as a light soixrce, an objective lens of which 
numerical aperture is 0.85 is used to raise a memory capacity up to 25 
25 gigabytes per surface, and the thickness of a cover layer of a recording 
medium is shortened down to 100 um to prevent the performance from 
being deteriorated due to an inclination of the recording medium. In 
addition, a double-layer disk is also standardized, so that the thickness of a 
cover layer thereof is 75 um. The thickness of a cover layer is defined as a 
30 thickness from a light-incidence surface of the recording medium to an 
information recording layer incorporated in the medium. 

Ori the other hand, a spherical aberration caused in an optical 
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system is proportional to a biquadrate of a numerical aperture of an 
objective lens and is proportional to an error in the thickness of a recording 
medium. Hence, if it is desired to employ an objective lens having a high 
aperture rate of about 0.85, the thickness of a recording medium should be 
5 uniform to be limited within a certain constant range of thickness errors. 
However, such a high-precision production of the recording medium is 
extremely difficult. Even if the thickness error is limited within the 
allowable margin of error in the production, a spherical aberration usually 
results in a larger amount. This requires that the spherical aberration be 

10 corrected whenever optical disks are exchanged. Particularly, to remove a 
spherical aberration caused in reproduction of information from a 
double-layer disk, special correction means is required which has not been 
used for the conventional DVD or CD (Compact Disc). 

Such a conventional configuration for correcting the spherical 

15 aberration will now be explained in connection with Figs. 1 and 2. 

Fig. 1 exemplifies an optical pickup in which an expander lens is 
used as means for correcting the spherical aberration. 

As shown in Fig. 1, an optical beam B emitted from a laser light 
source 1 is converted to a parallel pencil by a collimator 2. The parallel 

20 pencil passes expander lenses, and then enters an objective lens 8. The 
expander lenses are composed of a convex lens 5a and a concave lens 5b, 
and have the function of expanding the incident parallel light flux and then 
giving it back to parallel light, before outputting the parallel light. 
Incidentally, in Fig. 1, also inserted in the optical beam path are a forming 

25 prism 3, PBS 4, quarter wavelength plate 6, rising mirror 7, detection lens 10, 
detector 11, and optical disk DK. 

How to correct a spherical aberration will now be explained. For 
example, a change in the thickness of the disk DK causes a spherical 
aberration in an optical beam B. In this case, the convex lens 5a or the 

30 concave lens 5b is moved back and forth along an optical axis passing the 
lenses 5a and 5b composing the expander lens, resulting in that the emitted 
light flux is shifted from the parallel light. This shift enables an incident 
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angle of light to the objective lens 8 to be changed, thus making it possible to 
cancel out the caused spherical aberration. 

Fig. 2 is an example which uses a collimator lens serving as means 
for correcting a spherical aberration. 

5 In an optical pickup shown in Fig. 2, moving the collimator lens 2 

along the optical axis allows an angle of light flux emitted from the collimator 
lens 2 to be adjusted, whereby a spherical aberration of the optical beam B 
can be corrected, similarly to the situation obtained when the expander lens 
is moved in Fig. 1 . 

10 Incidentally, the configuration shown in Fig. 2 uses only one 

collimator lens, but this is a mere example. Alternatively, as shown by 
Japanese Patent Laid-open (KOKAI) publication No. 2002-150598, a 
collimator lens made up of a combination of two or more lens can be used to 
move together, with a spherical aberration corrected. 

15 However, the above conventional pickups have faced various 

difficulties. In the example shown in Fig. 1, because the expander lens is 
used, an additional part (i.e., expander lens) should be added to the pickup, 
thus increasing parts cost and necessitating an additional space for 
installation. Therefore, to use the expander lens is not suitable for making 

20 the entire pickup compact. 

Further, in the pickup configuration shown in Fig. 2, the whole 
collimator lens should be moved, so that a lens driven amount necessary for 
correcting a spherical aberration becomes larger. Thus, a space acquired 
for such drive of the collimator lens is obliged to be large. Additionally, it is 

25 necessary to move the collimator lens over a long distance, resulting in a 
longer time for the correction and increased energy consiimption. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide, with due 
30 consideration to the difficulties of the above conventional techniques, an 
optical pickup, an aberration correcting imit, and an aberration correcting 
method, which are able to complete a correcting operation for a spherical 
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aberration in a shorter time, with lens installation space narrowed and 
consumed energy saved. 

According to one aspect of the present invention, there is provided a 
spherical aberration correcting unit for correcting an aberration caused in 
5 an optical beam radiated toward an object to be detected and focused on the 
object. The unit comprises an aberration corrector composed of a plurality 
of optical members and configured to form the optical beam into a parallel 
pencil and to correct the aberration caused in the optical beam; a driver 
configured to drive any one of the optical members in an optical axis 

10 direction of the optical beam; a light receiver configured to receive light 
reflected from the object to produce a light-reception signal from the received 
light; and a controller configured to control the driver based on the produced 
light-reception signal. 

By way of example, the object is an optical information recording 

15 medium. Preferably, a relationship of 0.2< | fl /f | <0.82 is fulfilled, wherein 
a composite focal length of the abeiration corrector is f and a focal length of 
the driven optical member is fl. Still preferably, any one of claims 1 to 3, 
wherein the aberration corrector is a collimator lens. 

According to another aspect of the present invention, there is 

20 provided an optical pickup for reading and writing information from and to 
an optical information medium by radiating an optical beam toward the 
optical information medium, the optical beam being focused on the optical 
information medium, the optical pickup comprises an spherical aberration 
correcting unit for correcting an aberration caused in the optical beam. In 

25 this configuration, the unit comprises an aberration corrector composed of a 
plurality of optical members and configured to form the optical beam into a 
parallel pencil and to correct the aberration caused in the optical beam; a 
driver configured to drive any one of the optical members in an optical axis 
direction of the optical beam; a light receiver configured to receive light 

30 reflected from the medium to produce a light-reception signal from the 
received light; and a controller configured to control the driver based on the 
produced light-reception signal. 
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According to anotJier aspect of the present invention, there is 
provided a spherical aberration correcting method for correcting an 
aberration caused in an optical beam radiated toward an object to be 
detected and focused on the object. The method comprises the steps of: 
5 forming the optical beam into a parallel pencil using a plurality of optical 
members, during which time, correcting the aberration caused in the optical 
beam; driving any one of the optical members in an optical axis direction of 
the optical beam; receiving light reflected from the object to produce a 
light-reception signal from the received light; and controlling the driver 
10 based on the produced light-reception signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects and aspects of the present invention will become 
apparent from the following description of embodiments with reference to 
15 the accompanying drawings in which: 

Fig, 1 exemplifies an outlined configuration of a conventional optical 

pickup; 

Fig. 2 exemplifies an outlined configuration of another conventional 
optical pickup; 

20 Fig. 3 shows an outlined configuration of an optical pickup according 

to an embodiment of the present invention; 

Figs. 4 A and 4B explain the correction of a spherical aberration, 
which is carried out by using a single collimator lens; 

Figs. 5A and 5B explain the correction of a spherical aberration, 
25 which is carried out by using a single collimator lens device composed of 
plural lens; 

Fig. 6 is a graph exemplifying a relationship between a moved 
amount required when a whole one collimator is moved and a moved 
amount required when only one lens combined into a one collimator lens 
30 device is moved; 

Fig. 7A shows one example of results of an experiment carried out 
using a conventional optical pickup; 
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Fig. 7B shows one example of results of an experiment carried out 
using an optical pickup according to the present embodiment; 

Figs. 8A to 8D show modifications of the embodiment in which the 
one collimator lens device is composed of plural lens; and 

Fig. 9 explains a design example of the collimator lens according to 
the present embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of a spherical aberration correcting method 
and unit of the present invention will now be described hereinafter with 
reference to the accompanying drawings. 

In the following embodiment, an object to be detected is a 
high-density optical disk and the present invention is applied to an optical 
pickup which radiates an optical beam toward the object and includes an 
aberration correcting unit for correcting an aberration of the optical beam. 

An optical disk DK, which serves as the object, is subjected to 
recording or reproduction of information thereto or therefrom. The disk DK 
has a substrate, on which formed is a recording layer in which information 
signals are recorded based on phase changes. On this recording layer, a 
cover layer is formed to have a thickness of about 0. 1 mm, for example. 
This cover layer functions as a protective layer to protect the recording layer. 
Light is made to enter the disk DK from the cover layer side, not the 
substrate side, for the recording and reproduction, because the cover layer is 
greatly thinner than the substrate. 

Because the configuration is made such that the light comes into the 
disk through the cover layer, a distance to the recording layer becomes 
shorter, whereby a coma aberration is suppressed. Hence, compared to the 
conventional CD or DVD, it is possible to realize both of higher density and 
larger capacity in recording. 

Referring to Fig. 3, the configuration of an optical pickup according 
to the present embodiment will now be explained. Fig. 3 pictorially shows 
such configuration. 



As shown in Fig. 3, an optical pickup according to the present 
embodiment is provided with a laser light source 1, polarizing beam splitter 
(PBS) 4, quarter wavelength plate 6, rising mirror 7, objective lens 8, a 
collimator lens device 9 consisting of two lenses 9a and 9b serving as an 
5 aberration corrector, detection lens 10, detector 1 1 serving as a light receiver, 
actuator 12 serving as a driver, and controller 13. Of the collimator lens 
device 9, the lens 9a is formed into a convex lens, while the lens 9b is formed 
into a concave lens. Both the lenses 9a and 9b compose the collimator lens 
devise 9 which can be handled as a single lens component. 

10 The leaser light source 1 is designed to emit an optical beam B of 

which wavelength A is 405 nm, for instance. The optical beam B emitted 
from the laser light source 1 enters the collimator lens device 9 (lenses 9a 
and 9b) via the polarizing beam splitter 4. 

The optical beam B that entered the collimator lens 9 (lenses 9a and 

15 9b) is converted to parallel pencil in cases where the cover layer of the disk 
DK has a thickness of 0. 1 mm. In other words, an arrangement is made 
such that the optical beam B becomes a parallel pencil when the cover layer 
of the disk DK has a predetermined rated thickness 0. 1 mm. 

Of the collimator lens device 9 consisting of the lenses 9a and 9b, the 

20 concave lens 9b is fixed at a predetermined potion, whilst the convex lens 9a 
is mounted to the actuator 12 so that the lens 9a can be driven to move back 
and forth along an optical axis of the incident optical beam B. When the 
cover layer of the disk DK has a thickness other than the predetermined 
rated value (e.g., 0. 1 mm), the lens 9a is driven by the actuator 12 so that the 

25 lens is moved to correct a spherical aberration attributable to an error in the 
thickness of the cover layer. That is, when the cover layer has a thickness 
shifted from the rated value, the optical beam B is converted to divergent 
light or convergent light by moving the colUmating lens 9a so as to correct 
the spherical aberration due to the error in the thickness of the cover layer. 

30 This aberration correcting technique will be detedled later. 

The light beam B emitted from the collimator lens device 9 (lenses 9a 
and 9b) is converted into circularly polarized Ught by the quarter wavelength 
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plate 6, and then subjected to an angle change at the rising mirror 7 to enter 
the objective lens 8. 

The objective lens 8 is responsible for focusing the optical beam B 
(circularly polarized) onto a recording layer of the optical disk DK. That is, 
5 the optical beam B, which has been converted to the circularly polarized 
light by the quarter wavelength plate 6, is subjected to focusing at the 
objective lens 8, so that the beam B is focused onto the recording layer of the 
disk DK via the not-shown cover layer of the disk DK. 

An optical beam B reflected from the recording layer of the disk DK 
10 traces the original path, so that the reflected optical beam B passes through 
the objective lens 8, and then enters the quarter wavelength plate 6. Hence 
the plate 6 gives the optical beam B a rotation of 90 degrees, compared to the 
originally polarized direction given to the beam when the beam is radiated, 
with the result that the beam is reduced to linearly polarized light. After 
15 this, the beam B is converted to convergent light by the collimator lens 
device 9 (lenses 9a and 9b), and then reflected by the polarizing beam 
splitter 4 so as to enter the detection lens 10. An image is thus formed on 
the detector 1 1 . 

The detector 11, which detects the optical beam B, has four photo 
20 detectors, for example. Thus, the photo detectors generate electrical 
signals that correspond to the intensities of the incoming optical beam, 
respectively. 

To be specific, for reproducing information from the disk DK, the 
detector 1 1 detects the optical beam B that comes into the photo diodes by 

25 using the generated electrical signals, thus producing a signal in compliance 
with the optical intensity. 

The signal produced by the detector 11 is sent to the controller 13. 
The controller 13 receives the signal coming from the detector 1 1 , and uses it 
to create a signal necessary for controlling the coUimating lens 9a. This 

30 created signal is sent to the actuator 12. More concretely, the controller 13 
uses the signal form the detector 1 1 to find an amount of an aberration 
caused in the optical beam B, and decides an amount to drive the 
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collimating lens 9a on the basis of the aberration amoimt of the optical beam 
B. The controller 13 also operates to supply the actuator 12 with a control 
signal in which the drive amount is reflected. Responsively to the reception 
of the control signal, the actuator 12 produces a drive current to drive the 
5 collimating lens 9a. 

The actuator 12 can be driven in a controlled manner depending on 
electrical power to be supplied thereto. The actuator 12 is made up of, for 
example, a voice coil. Hence, adjusting current supplied to the voice coil 
allows the position of the collimating lens 9a to be displaced. The actuator 
10 12 is not limited to the voice coil, but may be composed of other elements, 
such as piezoelectric element controllable by supplied voltage and stepping 
motor responsive to the number of pulses to be conmiand. 

In the next place, a spherical aberration caused on account of error 
in the cover layer of the disk DK and how to correct the spherical aberration 
15 will now be detailed with reference to Figs. 4 to 6. 

First, with reference to Fig. 4, the case will now be explained, in 
which a spherical aberration is corrected by moving the whole collimator 
lens. 

As shown in Fig. 4A, when the thickness of a cover layer of the disk 
20 DK is 0. 1 mm, an error in the thickness thereof becomes zero. In this case, 
there is no occurrence of a spherical aberration resulting from the error in 
the thickness, whereby correcting the aberration is not necessary. Thus, 
the optical beam is converted to parallel light by the collimator lens 2. 

In contrast, the cover layer of the optical disk DK has a thickness of 
25 0.075 mm, a spherical aberration will be caused due to an error in the 
thickness, as illustrated in Fig. 4B. In this case, the collimator lens 2 
shoxild be moved to convert the optical beam B to parallel light such that the 
spherical aberration is cancelled out. 

For instance, the collimator lens 2, whose focal length is 25 mm, is 
30 moved toward the disk DK by a distance of AD, whereby the optical beam B 
is focused at a position located a distance a=200 to 250 mm apart. 

In this case where the convergent light is made to enter the objective 
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lens 8 to correct the aberration, an amoiont of movement of the collimator 
lens 2: AD can be expressed as follows: 
AD=P/(a-f)=f2/a, 

on condition that the distance "a" is sufficiently larger than the focal length 
5 ^'f," as can be understood from Fig. 4B. 

Next, with reference to Figs. 5A and 5B, the case will be explained, in 
which a spherical aberration is corrected by moving one of the two lenses 
combined to form the collimator lens device. 

As shown in Figs. 5A and 5B, the two lenses 9a and 9b combined to 
10 form a collimator lens device 9, in which one lens 9a has a focal length of fi 
and the other lens 9b has a focal length of f2. In such condition, a 
composite focal length T of the combined two lenses 9a and 9b becomes: 

d<fi, f2 

f=frf2/(f2-fi). 

15 A distance D from the lens 9a to the light source 1 becomes: 
D= frf2/(f2-fi)-d{f2/(f2-fi)-l} 
D=f-d(f/fi-l). 

As shown in Fig. 5B, in the case that only the lens 9a is moved to 
correct a spherical aberration, an amount of movement required for the lens 
20 9a: Ad can be expressed as follows. 
Ad=fi2/(a-fi)=fi2/a 

Calculating a ratio between the moved amount AD required when the 

whole collimator 2 is moved and the moved amount Ad required when only 

the lens 9a is moved results in: 
25 AD/Ad=l/m2, 

wherein a ratio m (=f2/fi) is a ratio between the focal length fi of the lens 9a 

and the composite focal length f. 

Hence, for instance, if m=0.5, AD/ Ad =4 is realized. This shows that 

moving only the lens 9a by ^'l'' is equivalent to moving the whole collimator 
30 lens 2 by "4." Fig. 6 is a graph showing this relationship between AD /Ad 

and m. 

A high-density optical disk pickup uses a collimator lens of which 



- 10 - 



focal point is about 20 to 25 mm. A double-layer optical disk has a 
layer-to-layer distance of 25 um. Hence, when such a double-layer disk is 
adopted, canceling a spherical aberration by moving the whole collimator 
lens 2 requires that the collimator lens 2 be moved approximately 3 mm. 
By contrast, when m=5, moving only the lens 9a by 0.75 mm permits the 
aberration to be canceled out. 

When it is assumed that a lens having a focal length of 25 mm 
undergoes a misalignment of 0.5 mm in adjustment, the spherical 
aberration increases roughly 12mA. The misalignment in lens adjustment 
shoiold absorb changes in the temperature characteristic of the lens, so that, 
fpr open control of the lens, it is necessary to estimate that the misalignment 
be roughly 0.01 mm. In cases where a deterioration in the spherical 
aberration, which is due to the adjustment misalignment, a tolerance of 0.25 
mm is given to the way of moving the whole collimator lens 2. Since this 
gives AD/Ad=0.25/0.01=25, it is preferable that the ratio W is larger than 
0.2. 

Moreover, from the graph shown in Fig. 6, it is understood that when 
the ratio "m" is less than 0.2, the ratio AD/Ad changes sharply. Thus, in 
this sharply-changing range, fluctuations in the focal length fi will cause 
sensitivity in correction of a spherical aberration to change largely as well, 
this sharply-changing range being an undesirable range. This 
sharply-changing range also gives strict values to the curvatures of the focal 
lengths fi and f2, thus being vulnerable to the aberration and de-centering. 

Accordingly, a practical and actually controllable range of the ratio 
"m^' is 0.2<m<0.82 that fulfiUs a relationship of 1.5<AD/Ad^25. 

Data indicative of the result of an experiment carried out for 
correction of a spherical aberration according to the present embodiment 
will now be described with reference to Figs. 7A and 7B. 

Fig. 7A shows data resulted from an experiment in which the 
conventional collimator lens configured as shown in Fig. 2 was moved as one 
device. To be specific, in this experiment, a reference thickness of the cover 
of the disk was 100 um and the whole collimator lens was moved as one 



device for correction of a spherical aberration. This experimental data show 
that, for example, when the thickness of the cover layer is changed to 70 ixm, 
that is, a thickness error is 30 um, the collimator lens should move by 4 mm 
for the correction. 

In contrast, Fig. 7B shows data resulted from another experiment 
carried out in the same situation as that for Fig. 7A, except that only one 
lens included in the collimator lens device was moved. In this case, it is 
understood that, when the thickness of the cover is changed to 70 um to 
have a thickness error of 30 lam, it is sufficient to move the one lens in the 
collimator lens device by 0.65 mm in obtaining the same correction effect as 
the conventional one (refer to Fig. 7A). 

Figs. 7A and 7B also reveal that there still remained higher-order 
spherical aberrations caused due to how design characteristics of an 
objective lens were, although lower-order spherical aberrations were 
canceled out by the correction based on the lens movements. 

As described so far, the optical pickup according to the present 
embodiment employs the collimator lens device consisting of plural lenses 
(for example, two lenses) and moves only one of the plural lens to correct a 
spherical aberration. Hence, compared to the conventional configuration in 
which the whole collimator lens is simply moved for the correction, a 
distance along which a lens is moved for the correction is remarkably 
shortened. 

It is therefore possible to reduce an amount of drive of the lens, 
which is necessary for the correction of the spherical aberration. A space to 
allow the lens to be moved therein can be reduced, thus saving the space. 

Still, since the lens is unnecessary to move for a long distance, a time 
required for correcting the spherical aberration can also be lessened, while 
an amotmt of energy necessary to drive the lens is saved. 

Still further, since the collimator lens device is used, so that it is not 
necessary that additional parts such as an expander lens directed to the 
correction of the spherical aberration is installed in the pickup. Thus, the 
parts cost can be reduced, an additional installation space for such 
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additional parts is not required, and the whole pickup can be made more 
compact. 

Some other modifications will now be described. 

In the foregoing embodiment, of the collimator lens consisting the 
5 two lens 9a and 9b, only the other lens 9b may be changed, to which the 
present invention can be applied as well. As long as the condition of the 
ratio "m'' is met, only the lens 9b can be moved, as pictorially shown in 
Fig.SA. Even in this modification, smaller fluctuations such as 
irregularities in sensitivity of aberration correction can be corrected with 
10 lens movement strokes kept smaller. 

A modification in Fig. 8B shows that the positional relationship 
between the lens 9a and 9b both composing the collimator lens device 9 is 
changeable, so that the positions of both lenses 9a and 9b are exchanged to 
each other. 

15 Further, it is not always necessary that each lens 9a (9B) combined 

into the collimator lens device 9 consists of a single lens, but as shown by a 
modification in Fig. 8C, a pliorality of lens members may form each lens 9a 
(9B) combined into the collimator lens device 9. Increasing the number of 
lenses makes it possible that a chromatic aberration attributable to the 

20 objective lens is corrected, in addition to the correction of the foregoing 
spherical aberration. 

As shown by a modification in Fig. 8D, each lens 9a (93) combined 
into the collimator lens device 9 may be a lens on which a hologram 14 is 
formed (i.e., a hologram lens). If the hologram lens is used, a chromatic 

25 aberration can be corrected with precision, in addition to the correction of 
the foregoing spherical aberration. 

In addition, the surface of each lens 9a (9B), which is combined into 
the collimator lens device 9, is not limited to a spherical shape, but to a 
non-spherical shape. By employing the non-spherical shape, the foregoing 

30 high-order spherical aberration, which is caused by the objective lens, can 
be corrected as weU. 

The optical pickup according to the present embodiment is also 
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applicable to an information recording medium in which light emitted by the 
opticgJ pickup enters the substrate side of an optical disk. 

The wavelength A of the optical beam B emitted by the laser light 
source 1 is of course not limited to 405 nm, but may be set to another 
5 wavelength. 

Fig. 9 shows a design example of the collimator lens according to the 
present embodiment. The listed numeric values in Fig. 9 are just 
exemplified design values, and it is not meant that the design is limited to 
such values. Materials usable as the lenses are also not limited to a 
10 particular material, and various materials, such as glass and plastic, may be 
used. Even a combined material of, for example, glass and plastic may be 
adopted. 

Through the foregoing various types of embodiments, the present 
invention can therefore be summarized such that a hollow- shaped 

15 support member is additionally in charge of a pipe resonance, both an 
acoustic mass inside a hollow-shaped support member and an acoustic 
capacity cavity of a member other than such support member are 
responsible for generation of a Helmholtz resonance, and the inner 
capacity of a hollow-shaped support member is used as a back chamber 

20 (cabinet) for the speaker. 

The entire disclosure of Japanese Patent Application No. 
2002-317987 filed on Oct. 31, 2002 including the specification, claims, 
drawings and summary is incorporated herein by reference in its entirety. 
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